A body in a parallel flow of non-interacting particles is considered. We introduce the notions of a body of zero resistance, a body that leaves no trace, and a transparent body, and prove that all such kinds of bodies do exist.
Introduction
Consider a parallel flow of point particles falling on a body at rest. The body is a bounded connected set with piecewise smooth boundary. The particles do not mutually interact; the interaction of particles with the body is perfectly elastic. That is, each particle initially moves freely, then makes one or several (maybe none) elastic reflections from the body's surface and finally, moves freely again. It is also assumed that the initial velocities of particles coincide (denote the initial velocity by v 0 ) and the initial flow density is constant. There is created the pressure force of the flow on the body (it is usually called resistance). The problem of minimal resistance is concerned with minimizing the resistance in a prescribed class of bodies. There is a large literature devoted to this problem, starting from the famous Newton's aerodynamic problem [1] .
For several classes of bodies under the so-called single impact assumption (each particle makes at most one reflection), the infimum of resistance is known to be positive [1] , [3] , [5] - [8] . For some other classes, where multiple reflections are allowed, the infimum of resistance equals zero [9] , [10] , but the infimum cannot be attained: the resistance of any particular body is nonzero.
The main result of this article is the demonstration that there exist bodies of zero resistance (or, more correctly, zero resistance in the direction v 0 ). This means that the final velocity of each particle of the flow coincides with the initial one.
We say that the body leaves no trace in the direction v 0 if it has zero resistance in this direction and, additionally, the flow density behind the body is constant and coincides with the initial one (actually, this implies that the density is constant outside the convex hull of the body). Also, we say that the body is transparent in the direction v 0 if the trajectory of each particle, outside a prescribed bounded set, coincides with a straight line. We prove that there exist bodies that leave no trace and are transparent in one direction.
In section 2, we give mathematical definitions for bodies of zero resistance, bodies that leave no trace, and bodies that are transparent in one direction. We also provide examples of these bodies.
This article is actually the first part of a more detailed forthcoming paper. Section 3 of the paper will contain the history of the problem, starting from the well-known Newton's problem of minimal resistance. In section 4, new families of zero resistance bodies are introduced, their properties are discussed, and some open problems are stated. ) ) from a full measure subset of R 3 ×S 2 into R 3 ×S 2 is defined as follows. Let the motion of a billiard particle x(t), v(t) satisfy the relations x(t) = x + vt, if t < t 1
Mathematical definitions and examples
t 2 is a pair of real numbers depending on the particular motion); then
We also denote by {v} ⊥ the orthogonal complement to the one-dimensional subspace {v}, that is, the plane which is orthogonal to v and contains the origin. A set obtained by translating the pair of triangles AA ′ A ′′ and BB ′ B ′′ in the direction orthogonal to their plane produces another example of a zero resistance set. This set is disconnected; however, it can be made connected by adding the rectangle AA ′ B ′ B or several copies of it obtained by translations along the same direction.
The body B = B π/6 belongs to a one-parameter family of zero resistance bodies B α , 0 < α < π/4. On Fig. 3 , two bodies from this family are depicted. The definition of B α is clear from this figure.
The convex hull of B α is a cylinder of radius L = (tan 2α + tan α)/2 and height H = 2; its volume equals Vol 
